Studying the pollinators' foraging behaviour is quite important for pollination. Time spent by the pollinator in floral handling is one of the aspects of this behaviour. Honeybees (Apis mellifera) are the main responsible for the pollination of melon (Cucumis melo), but there are few studies on their foraging, mainly in the region of Petrolina, state of Pernambuco, and Juazeiro, state of Bahia, in Brazil. This study aimed to compare bee visitation to hermaphrodite (HF) and male (MF) flowers in a crop area where different number of hives were used. For each floral type, 10 flowers were observed, in each experiment (0, 1, 2 or 3 hives). The duration of bee visits (n = 10) was registered in three times of the day: 8 a.m., 11 a.m., and 4 p.m. In general, HF received significantly longer visits than MF, in all experiments, except when using one hive. In fact, significant correlations were found between the duration of visits and number of hives for HF, but not for MF. This is probably related to the attractiveness of HF and to the availability of floral resources. The studies of duration of pollinator' visits are relevant in agriculture and should be considered when evaluating the efficiency of pollination in melon.
Introduction
Pollination is usually defined as a mutualistic interaction. However, it involves a conflict between plant and pollinator, since it is based on a balance of costs and benefits for both. Foraging costs for a pollinator can be measured by time spent in floral manipulation and displacement among flowers (Agostini et al., 2014) . In this way, studies evaluating the duration of pollinator visits can bring relevant knowledge about the process of pollination.
The main pollinators are bees, including honeybees (Apis mellifera, Hymenoptera: Apidae), which stand out in agricultural pollination. Although wild bees are very relevant for fruit set of crops (Garibaldi et al., 2013) , honeybees are still the most used as pollinators, at least in extensive markets of pollination services in USA (Rucker et al., 2012) . Concerning the use of honeybees for pollination in Brazil, these bees were mentioned as effective pollinators of 28 crops (Giannini et al, 2015a) . In fact, from the 141 evaluated crops in the country, 85 of them had pollinator dependence, and the pollinators presented an expressive contribution (~30%) for the total annual agricultural income (Giannini et al., 2015b) .
Mossoró-Açu (RN) and Jaguaribe (CE). Until recently, in the region of Petrolina and Juazeiro, it was not recorded the practice of introducing hives for pollination services, contrary to what is observed in Mossoró-Açu, where this is already practiced for a long time (Ribeiro et al., 2012) . Only recently, it was determined the appropriate number of colonies to be used for pollination of melon in the region. For efficient pollination and a better production of commercial fruit, the recommended number of colonies is 4 hives/ha or 1 hive for each 3,000 plants, since, depending on the spacing, the number of plants per hectare may vary . Although it is known that honeybees are efficient pollinators of melon (Sousa et al., 2009 ) and visit both male and hermaphrodite flowers detailed information on the bees' visitation is scarce. Several aspects are important for studying foraging behaviour, but there are only a few reports regarding the duration of bee vists on flowers (Abou-Shaara, 2014). Considering the above, this study aimed to investigate the duration of visits of honeybees on melon flowers, comparing the floral types, foraging time and bee hives' density.
Method

Sutdy Areas
In this experiment, we used two areas of 1ha, distanced approximately 9 km to ensure no influence of one treatment on the others. The first area was located in the Experimental Field of Embrapa Produtos e Mercado and the second in the Experimental Field of Bebedouro, belonging to Embrapa Semiárido, Petrolina (PE). Each area was subdivided into two plots of 0.5 ha with 0.4 m spacing between plants and 2m between rows, totaling 6,250 plants.
Material
The observations were made in experimental areas of yellow melon (Cucumis melo) (hybrid 10/00), with conventional cultivation, plastic sheeting and drip irrigation.
One area was maintained without hives of Africanized honeybees (Apis mellifera), serving as control, and the others received 1, 2 and 3 hives, respectively. The areas received Langstroth hives similar to each other regarding the number of bees and brood. Hives were introduced on the first day of hermaphrodite flowering, and kept until the end of flowering.
Sampling Procedures
Sample Size
In the four areas, for each floral type (hermaphrodite flowers, HF, and male flowers, MF), 10 flowers were chosen at random and observed for the behavior of bees during foraging, i.e., the duration of visits. The observations were performed on the 20 th flowering day of crops after transplanting, three times a day: at 8 a.m., 11 a.m. and 4 p.m. Thus, 20 flowers were sampled by time, totaling 60 flowers in each of the four areas with different densities of hives (N = 240 flowers).
Measures
The duration of each bee visit was considered as the permanence time of bees on the flowers from the time of landing until leaving a flower, which was measured with the aid of a digital stopwatch.
Statistical Analysis
Data were analyzed using the nonparametric tests of Kruskal-Wallis, Mann-Whitney and Spearman rank correlation (Zar, 2009 ).
Results
The analysis of bee visits to two floral types showed a longer duration of visits to HF than to MF (Figure 1). jas.ccsenet. Differences detected in duration of visits were greater in HF than in MF. In MF, there were no significant differences as a function of the observed times, with values of P = 0.650, P = 0.219 and P = 0.208 (Kruskal-Wallis, N = 30 flowers), respectively, for 8 a.m., 11 a.m. and 4 p.m. On the other hand, the duration was significantly different in HF, with values of P = 0.001, P = 0.038 and P = 0.001 (Kruskal-Wallis, N = 30 flowers), respectively, for 8 a.m., 11 a.m. and 4 p.m. This may indicate that variations in resource availability throughout the day may be greater in HF than in MF.
Comparing the average duration of visits by floral type at each hive density and at each time, it was found that differences were statistically significant, with exception of comparisons for the area with 1 hive (Table 2) . The relationship between the duration of visits and the number of hives was significant only for HF (rho = 0.331, P = 0.000, N = 120 flowers) but not for MF (rho = 0.156, P = 0.089, N = 120 flowers). In this sense, bees effectively spent a longer time in HF in areas with greater number of hives, but the same was not observed for MF.
Bees visited both MF and HF, but stayed longer on HF, especially in the morning and in the areas with the highest number of hives. It is emphasized the importance of long visits of honeybees to HF for efficient pollination and consequent formation of good quality fruit.
Discussion
Data at Tables 1 and 2 showed that the area with 1 hive was discrepant from the others. All colonies have been standardized as mentioned above, but it is likely that other non-controlled factors have occurred. For example, it is possible that the area with 1 hive has received a different colony, from the genetic point of view, as to foraging behavior of the bees, and thus, both floral types have been similarly visited by bees. Indeed, genetic differences between colonies have been found even in one apiary, concerning productive aspects among others (Matos et al., 2015) .
The results found in this work are consistent with the literature, which reports a higher attractiveness of HF, which is attributed to floral morphology and biology, such as diameter of the corolla, nectar chamber height and nectar production (Kiill et al., 2014 (Kiill et al., , 2016 . HF is larger than MF, and thus, offer larger landing surface for bees. They are higher and possibly more visible to pollinators. In addition, they have deeper nectar chambers, allowing a greater accumulation of nectar (Kiill et al., 2016) . This latter aspect could explain the longer duration of visits of honeybees to flowers. However, this work did not assess floral resources because of the methodology used (only the first 10 bees landing on the flowers were evaluated).
On the other hand, pollen is a resource that takes more time to be obtained, since the grains need to be removed from the anthers of flowers, and then stored in bees' corbiculae. Tschoeke et al. (2015) indeed found that bees spent significantly more time collecting pollen than nectar. Ribeiro et al. (2017) , although using a different methodology, also suggested this.
The duration of bee visits was longer in the morning than in the afternoon (Figure 2) . Actually, the common foraging behavior of bees is visiting melon flowers at higher density in the morning . Nevertheless, the observation that the duration is longer in the morning may be related to availability of flower jas.ccsenet.org Vol. 9, No. 9; resources. In fact, other authors (Sousa et al., 2012; Tshoeke et al., 2015) also reported significant differences in the duration of visits of bees that collected nectar and pollen from melon flowers. Nevertheless, as already mentioned, this aspect was not evaluated herein. Considering the nectar, its production by flowers is continuous throughout the day. HF show a higher frequency of visits (Ribeiro et al., , 2017 and are more attractive (Kill et al., 2014) , and replenishment of nectar would be lower in areas with the highest number of hives and, therefore, with the highest number of bees visiting the flowers. The nectar would be reduced more rapidly, and this would lead the bees to stay longer on these flowers to collect the resource. Only more detailed studies on the availability of resources could corroborate this hypothesis. Future studies could include, for example, the investigation of pollen reward and number of bee visits.
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Anyway, the longer duration of visits to HF maximizes the contact of the bee with the flower female reproductive structure, which would increase the chances of greater deposition of pollen. Thereby, longer visits to flowers would ensure more efficient pollination.
Conclusions
Bees visited both MF and HF, but stayed longer on HF, especially in the morning and in the areas with the highest number of hives. It is emphasized the importance of long visits of honeybees to HF for efficient pollination and consequent formation of good quality fruit. Thus, in order to evaluate whether a melon crop area is being adequately pollinated by the native or introduced honeybees, one of the aspects that may be used is the duration of the bees' visits, especially on HF. This could be also a practical manner for the producer to identify the need of increasing the number of honeybee hives in his area, managing the plantation and guaranteeing a high productivity.
